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Introduction

When a polymer-coated steel panel contaming targe
defects s exposed to aggressive environments, such as salt
water, corrosion {anodic reactions) takes place at the defects and
cathodic processes occur underncath the coating around the
defects (1, 2). For coated panels having no detectable defects,
pathways or small pores through the coatings are first fermed
(3. Anodic reactions then take place at the basc of the pathways
or pores. and cathodic reactions occur around the pathways. The
cathodic areas have a high pH (>11). This has been verified by
a strong violet coloration in a clear coating containing a
phenolphthalein pH indicator (4) or after spraying with the same
indicator over the delaminated area (5). Indeed, a pi value of 14
has been reported at the cathodic delamination fron? of coated
steel exposed to 3.5 % NaCl solution (6). The strong alkalmity
at the cathodic sites has been attributed to the oxygen reduction
reaction (1,2):

Oy + 2H0 +4¢- > 40OH-

where the electrons are supplied from the anodic reactions Thus,
the surface of the coating surrounding the cathodic blisters and
cathodic delununated arcas are subjected to a strong alkaline
cnvironment. This study investigates the sorption and diffusion
characteristics at 60 0C and at ambient temperature {22 0C) of
an alkaline solution in an aminc-cured epoxy and an isophthalate
polyester coating. A knowledge of the sorption characteristics of
alkaline solutions in polymer coatings would provide a better
understanding of their protection performance against corrosion
of metals in electrolytes.

Experimental Procedures
Polyester films of 250 wm + 10 gum were prepared by
molding the mixture of 100 parts of an isophthalate ester resin
and 2 parts of a methyl cthyl Ketone peroxide catalyst between
two scaled plates. Films were allowed to gel at ambient
condition {22 VC and 45 % RH), followed by a 2 h 130 °C cure
inan wir-crrculating oven. Epoxy films of 300 um = § pm were
prepared by miang 100 parts of a diglveidyvl ether of bisphenol
A (epoxide equivalent weight = 189 u) and 42 parts of u
polvether-tnamine (amine cquivalent = §3 g). Afier degassing,
the coating was apphed to smooth aluniinum foil using a draw
Jown applicator Frlmis were cured at ambient conditions for 24
hofolowed by heating for 2 h at 120 9C in an oven. The alkahne
test sofution contained 0.23 mol/KOH. o, 14 mol NaOH und
20xiumd mobl CalOH s distilled water. This sotunion hud
aphof 135 and wus used to simwelate o concrete pore sotution.
The results of the studv are therefare, directy uppicable 1o
polvmer-coated reintorced steet
Free standing films having dimensions of 25 mm x 28
mm e ere muncted mthe west solution contarned inseres -tap
class prs placed masand bath maintaned w60 9 - 200wl
cach jar contwnrg ane ~pecien, Speaimens were periadically

v ed fronn the solution, ninsed thoraughly with desndled

119

watter blotted dy . and serzhed asmg i awtomatie batance. The
same procedure was apphed Tor measurements at ambient
temperature, except that no sand bath was used. Six specimens
were emploved for cach coating Frim thicknesses  were
measured at three difterent locations on cach specimen using a
micrometer. Solution aptake in the coatings was measured as a
change 1 mass with respect to the mitial film mass. The bulk
diffusion coetficient, D, of the solution was calculated from the
uptake data using the sorption kinetics approach (7). Solubility
of the alkaline solution in the films was caleulated as the product
of the sorphion at cquilibrium and fihn denstty; the fatter being

measured by the water displacement method. Glass transition
temperatures (Tl of the o

nngs betore and after satuy

the test solution at 60 OC snd 22 ©C were measured by
differential scannmy calorimetry (DSC)
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Figure 1. Alkulme uptake at troemperatures for epoxy (a) and
polvester by contines

Froure dispias s the somton chaacteristies, and Table |
includes duta on T, chanees with caposure, solubility, and
diffusion coethicient of e
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solubthty were creater o 6000C than at 22 00 for buth coatings
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Table 1. Tg, D, and sorption properties of coatings before
and after immersion to alkaline solution at 220C and 609C,

Property Epoxy Polyester
18 220C 600C 13 220C 6pOC

T, 0C §0.1 683 G684 1050 1013 983

Solubility

{mg/em3yb - 186 214 - 5.8 6.1

D, 109

(ecm2/s) 07 98 - 89 341

Ty was measured on saturated specimens using DSC at
109C/min heating rate; (a) Before exposure; and (b) Mass of
water per unit volume of the specimen.

temperature for the epoxy or at 22°C for the polyester. However,
a mass loss was observed for the polyester after 100h immersion
at 60 OC. This mass loss was probably due to the base-catalyzed
hvdrolysis of the ester groups, as evidenced by FTIR analysis of
the test solution (8). These results suggest that conductive
pathvays may develop in a coating film surrounding the
cathodic bhster and cathodic delaminated areas when an
isophthalate polyester coated steel panet is exposed 1o a warm

corrosive envirgnment. The consequence of pathway formation
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iigure 2. Reduced sorption curves for epoxy (a) and polyester
Sy coatings immersed i alkahine sotution ar 60 90 (Dterent
~mbols represent data tor secditierent specimens, and solud
s are trom Frekian ditfusion theoryy

implies that 1ons from the environment probably migrate to the
metal surface under the coating,

Figure 2 shows the reduced sorption curves for the
two coatings immersed in the test solution at 60 ©C. Values for
Mus(sorption at equilibrium) of the polyester were taken ar 25 h
immersion (from Figure b). Experunental data (including for
ambient temperature exposure) fit well with theoretical curves
up to MMy, (sorption at time Usorprion at equilibrium) = 0.7,
indicating that the diffusion of the atkaline solution in the two
coatings followed a Fickian process. Despite a higher Ty and a
lower solubtity the diffusion coefticients of the polyester at 22
OC and 60 ©C were, respectively, approximately 12 times and
three times lugher than those of the epoxy. Further, the D value
of the epoxy at 609C was 14 nmes greater than its value at
ambient temperature. However, the difference of D between the
two temperatures for the polyester was only one third of that of
the epoxy coating. The larger D difference between ambient and
elevated temperature for the epoxy was probably because the 60
2C exposure temperature approached the Ty of the saturated
specinten. This interpretation is consistent with the literature,
which showed that the diffusion of water above Ty in most
polymers 1s several orders of magnitude greater than that at
temperatures below Tg (9).

Conclusions:

Sorption and diffusion of amine-cured epoxy and
isophthalate polyester coating in o pH 13.5 alkaline solution at
22 0C und 60 2C were ivestivated. Diffusion of the solution in
both coatings at ambient and clevated temperatures followed a
Fickian process. However, the increase of the epoxy coating
diffusion coefficient was more than three times that of the
polyester when the immersion temperature was increased from
ambient to 60 ©C. The results also showed that there was no
evidence of mass reduction up to 400 h exposure at cither
ambient or elevated temperature for the epoxy coating or al
ambient for the polyester. However, a mass loss, believed to be
due 10 buse-catuly zed hydrolysis, was observed for the polyester
ar clevated temperature. This degradution may result in the
pathway formanon through the coaung, which may lead to
accelerated corrosion of caated metals
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